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ABSTRACT 


Staples  of  aluMlnuM  «nd  steel  casting  flews  Most  cannon  ly  experienced 
In  production  were  selected  to  be  radiographed  In  order  to  develop 
quantitative  and  descriptive  picture  laages  of  various  radiographic 
reference  standards.  Graphic  Illustrations  of  flaw  size  and  flaw 
distribution  for  various  radiographic  reference  standards  were  depicted 
by  using  radiographs  and  associated  cross-sectional  photo-etacrographs. 
These  graphic  Illustrations  of  radiographic  levels  of  acceptance  will 
provide  Meaningful  design  criteria  for  establishing  realistic 
standards  of  acceptance  for  new  Material  applications.  This  report 
also  furnishes  operational  guidance  to  quality  assurance  and 
radiographic  personnel  In  their  noraal  on-the-job  duties. 
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INTRODUCTION 


Present  soundness  requirements  for  many  Military  castings  are  being 
specified  according  to  severity  levels  listed  In  v&Hous  specifications. 
Standards  are  selected  on  the  basis  of  their  numerical  rating,  or  as 
specified  In  a related  specification  without  serious  consideration  of 
the  type  and  degree  of  flaw  panel tted  for  each  grade  level.  It  was 
originally  Intended  that  reference  radiographs  be  used  to  categorize 
designated  standards  according  to  the  stress  requirements  of  the 
casting.  With  this  procedure  Many  castings  are  produced  to  a greater 
soundness  requirement  than  necessary;  conversely,  this  procedure  Is  too 
lenient  for  other  highly  critical  castings  and  ultimately  creates 
service  problems. 

In  accordance  with  project  authorization  from  U.S.  Army  Materials  and 
Mechanics  Research  Center,  the  task  of  compiling  a flaw  correlation 
document  was  established  under  the  Materials  Testing  Technology  Program. 

The  effort  was  determined  necessary  to  greatly  assist  the  human 
judgement  presently  Involved  In  designating  casting  soundness  requirements. 


OBJECT 

The  object  of  this  task  Is  to  provide  a document  which  Illustrates 
flaw  correlation  with  radiographic  Images  to  assist  design  engineers 
In  the  proper  selection  of  casting  soundness  requirements. 


SUMMARY 

Typical  flaw  specimens  of  varying  severity  levels,  presently  encountered 
In  aluminum  and  steel  castings,  were  selected  from  representative 
components  obtained  from  government  and  commercial  sources.  Flaw 
severity  levels  were  graded  radiographically  to  existing  military 
and  ASTN  reference  standards  and  categorized  according  to  casting 
size  and  thickness.  Photo-macrographs  of  flaw  cross-sections  were 
correlated  with  radiographic  Images  to  Illustrate  the  actual  relation- 
ship of  flaw  size  to  the  casting  area  under  evaluation. 


CONCLUSIONS 

The  completion  of  this  document  provides  design  engineers  with  flaw 
correlation  data  which  will  assist  In  more  accurately  selecting 
radiographic  soundnass  requirements  on  future  castings.  This 
document  will  also  furnish  operational  guidance  to  quality  assurance 
and  radiographic  personnel  In  their  normal  on-the-job  duties. 


TEST  MATERIALS 


1.  Scrapped  stael  armor  castings. 

2.  Scrapped  aluminum  castings  of  355*  356  and  special  M-strength 
Kaiser  KOI  alloy. 

3.  Industrial  x-ray  film  of  various  sizes,  medium  grain,  fine  grain, 
and  extra-fine  grain. 

4.  Conwrclal  photographic  copy  film,  size  4x5  Inches. 

5.  Photographic  projection  print  paper. 

TEST  EQUIPMENT 

1.  Industrial  x-ray  machine,  1000KVP,  3MA  capacity 

2.  Industrial  x-ray  machine,  250KVP,  IONA  capacity 

3.  Industrial  x-ray  machine,  140KVP,  2MA  capacity 

4.  Industrial  x-ray  machine,  2SKVP,  SNA  capacity 

5.  Commercial  4x5  Inch  View  camera 

6.  Commercial  4x5  condenser  type  photographic  enlarger 

7.  Photographic  reproduction  printing  equipment 

8.  Lithographic  printing  equipment 

TEST  PROCEDURE 

1.  The  procedure  followed  during  the  program  was  as  follows: 

a.  Radiographic  evaluation 

b.  detail ographle  aval  rati on 

c.  Selection  of  standards  for  flaw  correlation 

d.  Reproduction  of  selected  standards 
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2.  Following  Is  a brief  description  of  each  procedure: 

a.  Radiographic  evaluation: 

Radiography  of  approxlwataly  20  each  aluMlnun  and  steel 
amor  castings  was  performed  In  accordance  with  HIL-$TD-453(1 ), 
dated  4 September  1963  (Radiographic  Inspection).  A Minima 
quality  level  of  2-1T,  representing  1.4  percent  sensitivity 
was  Maintained  for  all  exposures.  Several  x-ray  Machines  and 
a variety  of  radiographic  exposure  techniques  were  eaployed. 

b.  Metal lograph 1c  evaluation: 

Cross-sections  were  extracted  frtw  the  selected  speclwens  of 
Most  flaw  types  for  verification  of  radiographic  evaluation. 
Photo-«aacrographs  were  taade  of  typical  flaw  conditions  for 
correlation  with  reference  standards. 

c.  Selection  of  standards  for  flaw  correlation: 

Grading  of  standards  for  flaw  correlation  were  based  on 
existing  Military  and  ASTN  reference  standards.  Two  levels 
of  severity  and  In  sons  flaws  special  gross  conditions  were 
selected  to  correlate  the  radiographic  iMage  with  the  flaw 
cross-sectional  area. 

d.  Reproduction  of  selected  standards: 

The  original  radiographs  were  photographically  reproduced 
utilizing  a conventional  4x5  Inch  view  camera  to  copy 
the  radiographic  Image  as  viewed  with  an  eleven-tube 
flourescent  llluMlnator.  Since  photographic  printing 
papers  do  not  have  the  latitude  of  x-ray  film,  projection 
prints  were  wade  to  allow  the  control  necessary  to  obtain 
an  authentic  reproduction.  Two  Methods  of  final  reproduction 
were  used  In  this  docuwent.  The  aluMlntm  standards  were 
reproduced  by  the  photographic  Method;  however,  due  to  the 
exceptionally  high  cost  of  photographic  reproduction,  the 
steel  standards  were  reproduced  hy  the  lithographic  method. 


RESULTS  AMD  DISCUSSIONS 

The  lack  of  flaw  correlation  data  has  led  to  a questionable  procedure 
of  specifying  radiographic  soundness  requirements  according  to  severity 
levels  listed  in  specification  without  adequate  radiographic  and 
pictorial  Illustrations.  The  Illustrated  correlation  data  contained  In 
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Figures  1 through  13  Mill  enable  recognition  of  fUM  sixes  end  distri- 
bution as  coopered  to  casting  cross-sectional  appearance  and  assist  In 
establishing  aore  realistic  standards  of  acceptance  by  design  engineers 
and  quality  assurance  personnel.  This  should  ultlaately  result  In 
greater  reliability  of  alualnua  and  steel  anur  castings. 
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STEEL  CASTING  FLAWS 


Radiographic  image  of  gas  porosity.  Severity  level  shown  compares  with 
the  following: 

ASTM--E— 446  - Grade  2 
ASTM-E-186  - Grade  2 

MIL— R— 11469  — Acceptance  is  based  on  pore  size  and  casting  thickness. 
Amount  shown  meets  Std.  2 for  1”,  and  Std.  I for  2”  thickness. 


Macrograph  of  partial  casting  cross  section  showing  normal  location  of 
porosity  near  the  surface,  (unetched,  actual  size) 


EVALUATION  OF  GAS  POROSITY  IN  CAST  STEEL 

Fig  1 
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Radiographic  image  of  gas  porosity.  Severity  level  shown  compares  with 
the  following: 

ASTM-E-446  - Grade  4 
ASTM-E-186  - Grade  4 

MIL— R— 11469  — Acceptance  is  based  on  pore  size  and  casting  thickness. 
Amount  shown  meets  Std.  3 for  1",  and  Std.  2 for  2”  thickness. 


Macrograph  of  partial  casting  cross  section  showing  normal  location  of 
porosity  near  th^  swa-face.  (unetched,  actual  size) 


EVALUATION  OF  GAS  POROSITY  IN  CAST  STEEL 

Fig.  2 
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Radiographic  image  of  inclusions.  Severity  level  shown  compares  with 
the  following: 

ASTM-E-446  - Grade  2 
ASTM— E— 186  - Grade  2 

MIL— R— 11489  — Acceptance  based  on  inclusion  size  and  casting 
thickness.  Amount  shown  meets  Std.  2 for  V,  and  Std.  1 for  2”  thickness. 


S; 

M*-- • 

Macrograph  of  partial  casting  cross  section  showing  normal  location  of 
inclusions  near  the  surface,  (unetched,  actual  size) 


EVALUATION  OF  SAND  ANO  SLAG  INCLUSIONS  IN  CAST  STEEL 

Fig.  3 
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Radiographic  imago  of  inclusion*.  Severity  level  shown  compares  with 
tha  following: 

ASTM— E446  - Grade  5 
ASTM-E186  - Grade  4 

MIL— R— 11469  — Acceptance  based  on  inclusion  size  and  casting 
thickness.  Amount  shown  meets  Std.  4 for  1M  and  Std.  3 for  2"  thickness. 


‘4. 


Macrograph  of  partial  casting  cross  section  showing  normal  location  of 
inclusion  near  the  surface.  <unetchedb  actual  size) 


EVALUATION  OF  SAND  AND  SLAG  INCLUSIONS  IN  CAST  STEEL 

FIG.  4 


EVALUATION  OF  FIG.  5A 

Severity  level  of  the  shrinkage  shown  in  Fig.  5A  comperes  with  the  following: 

ASTM— E— 446  - Type  CA  - Grade  3 
ASTM—E— 186  - Type  I - Grade  3 
MIL— R— 11469  - Type  B - Std  2 


Macrograph  of  casting  cross  section  AA,  shown  in  Fig  5A,  revealing  severity 
and  location  of  the  shrinkage  condition,  (unetched,  actual  size) 


EVALUATION  OF  DENDRITIC  SHRINKAGE  IN  CAST  STEEL  2 INCHES  THICK 

Fig.  5B 
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RADIOGRAPHIC  IMAGE  OF  INTERNAL  SHRINKAGE  IN  CAST  STEEL 


EVALUATION  INCLUDED  IN  FIG.  6B. 

Fig.  6A 
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EVALUATION  OF  FIG.  6A 

Severity  level  of  shrinkage  shown  in  Fig.  6A  compares  with  the  following: 


SECT  AA 
CAVITY 


ASTM— E— 446  — Fails  to  meet  any  grade 
ASTM— E— 186  — Not  applicable,  too  thin 
MIL— R— 11469  — Std.  5 (judged  as  gas) 


SECT  BB  & CC 
DENDRITIC 


ASTM— E— 446  - Type  CA  - grade  3 
ASTM— E— 186  Not  applicable,  too  thin 
MIL— R— 11469  - Type  C - Std.  2 


Marcogt  aphs  of  casting  cross  sections,  shown  in  Fig  6A,  revealing  severity  and 
and  location  of  shrinkage  condition,  (unetched,  actual  size) 


EVALUATION  OF  INTERNAL  SHRINKAGE  IN  CAST  STEEL 

Fig.  6B 
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EVALUATION  OF  FIG.  7A 

Severity  level  of  shrinkage  shown  in  Fig.  7A  compares  with  the  following: 

ASTM-E— 446  — Type  CB  - Grade  5 
ASTM— E— 186  — Not  applicable,  too  thin 
MIL— R— 11469  - Type  C - Std.  3 


Macrograph  of  casting  cross  section  - AA,  shown  in  Fig  7A,  revealing  severity 
and  location  of  the  shrinkage  condition,  (unetched,  actual  size) 


EVALUATION  OF  DENDRITIC  SHRINKAGE  IN  CAST  STEEL 
1%  INCHES  THICK. 


Radiographic  image  of  dendritic  shrinkage  in  2 Vi"  thickness  of  steel.  Severity 
level  shown  compares  with  the  following: 

ASTM— E— 446  — Not  applicable,  too  thick 
ASTM-E-186  - Type  C - Std.  4 
MIL— R— 11469  --  Type  C - Std.  3 


Fig.  8A 
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Fig.  9A 
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EVALUATION  OF  FIG.  9A 

Severity  level  of  shrinkage  shown  in  Fig.  9A  compares  with  the  following: 

ASTM— E— 446  — Exceeds  Grade  CB-5 
ASTM— E— 186  - Type  2 - Grade  5 
MIL— R— 11469  - Type  C - Std.  4 


SECTION  AA 


Macrographs  of  casting  cross  sections,  shown  in  Fig.  9A,  revealing  severity 
and  location  of  shrinkage  condition,  (unetched,  actual  size) 

Fig.  9B 
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Radiographic  imago  of  sponge  shrinkage  in  IW  steel.  Severity  level  shown 
compares  with  the  following: 

ASTM-E-446  - Type  CC,  Grade  4 
ASTM—E— 186  — Not  applicable,  too  thin 
MIL— R— 11469  - Type  D - Std.  3 


Macrograph  of  casting  cross  section-AA  showing  severity  and  location  of 
shrinkage  condition,  (unetched,  actual  size) 


EVALUATION  OF  SPONGE  SHRINKAGE  IN  CAST  STEEL  1%  INCHES  THICK. 

Fig.  10 


RADIOGRAPHIC  IMAGE  OF  SPONGE  SHRINKAGE  IN  CAST  STEEL  1%  INCHES 
THICK.  EVALUATION  INCLUDED  IN  FIG.  113. 


Fig.  11A 
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EVALUATION  OF  FIG.  IX A 

Severity  level  of  the  shrinkage  shown  in  Fig.  11A  compares  with  the  following: 

ASTM-E— 446  - Type  CC  - Grade  5 
ASTM— E— 186  - Not  applicable,  too  thin 
MIL— R— 11469  - Type  D - Std.  3 
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Macrograph  of  casting  cross  section  AA,  shown  in  Fig.  11  A,  revealing  severity 
and  location  of  the  shrinkage  condition,  (unetched,  actual  size) 


EVALUATION  OF  SPONGE  SHRINKAGE  IN  CAST  STEEL  IVi  INCHES  TKiCK. 


Fig.  11B 
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Radiograph  of  a 3"  hot  tear  in  cast  steel  2 Vi  thick  (Radiation  angle  20°) 


efcS 


Same  hot  tears  as  above  but  radiation  was  more  parallel  with  the  tear.  Severity 
evaluation  shown  in  Fig.  12B. 


Fig.  12A 


EVALUATION  OF  FIG.  12A 

Severity  level  of  the  tear  shown  in  Fig.  12A  compares  with  the  following: 

ASTM— E— 446  — Not  applicable,  too  thick 
ASTM— E— 186  - Level  4 
MIL— R— 11469  - Std.  4 


Macrograph  of  casting  crocs  section  AA,  shown  in  Fig.  12A,  revealing  severity 
and  location  of  the  tear,  (unetched,  actual  si;re) 


EVALUATION  OF  HOT  TEAR  IN  CAST  STEEL  2%  INCHES  THICK. 

Fig.  12B 
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Radiograph  of  a 5"  hot  tear  in  cast  steel  2 V?  inches  thick.  Severity  level  is 
as  follows: 

ASTM— E— 446  — Not  applicable,  too  thick 
ASTM-E-186  - Level  5 
MIL— R— 11468  - Std.  5 


EVALUATION  OF  HOT  TEAR  IN  CAST  STEEL  2Vj  INCHES  THICK. 


Fig.  13A 
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Macrograph  of  casting  section  AA  shown  in  Fig.  13A,  revealing  cross  sectional 
extent  of  the  tear,  (unetched,  actual  size) 


EVALUATION  OF  HOT  TEAR  IN  CAST  STEEL  2%  INCHES  THICK. 


Fig.  13B 
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ALUMINUM  CASTING  FLAWS 


This  edition  of  the  report  la  updated  to  include  22  figures- 
actual  photographs-  of  the  various  aluminum  casting  flaws  under 
study.  The  pictures  will  permit  engineers  and  technicians  to 
get  a realistic  perception  for  material  integrity  and  flaw 
classification  in  these  thickness  ranges  of  aluminum. 


GAS  HOLES 


Actual  31m  Radiograph  - Notarial  Thickneeti  5/16" 
Knti  Std.  4 of  ASTK  K-155 


Macrograph  of  Oroaa  Section  AA  Expoeing  the  Fla* 
4X  Magnification-  Uhetched 


EVALUATION  OF  GAS  HC~ES  IN  CAST  ALUMINUM 


Figure  1A 


Actual  Size  Radiograph  - Material  Thickness  5/16" 
Meets  Std.  7 of  ASTM  E-.155 


Macrograph  of  Cross  Section  AA  Exposing  the  Flaw 
4X  Magnification-  Uhetched 


EVALUATION  OF  OAS  HOLES  IN  CAST  ALUMINUM 

gttaare  IB 


GAS  POROSITY  - ROUND 


'S  "S 


, , r 

jl,  .-VC 

' 1 ' A;  » 


2® & : ••• 


Actual  Sis#  Radiograph  - Material  Thloknaas  1/4 
M##ta  Std.  i Of  A3TM  E-155 


Micro-Radio<j raph  of  a .025  Thick  Spaoimon  Adjacent 
to  Croat  Section  AA  Showing  a Single  Layer  View  of  the 
Porous  Condition  at  10X  Magnification. 


KVALUATXOM  Of  OAS  POROSITT-ROUHD)  XK  CAST  ALUMINUM 


figur#  2A 


GAS  POROSITY- ROUND 
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Macrograph  of  Cross  Section  AA  (Fig. 2A) Showing 
Std.  2 Porosity  at  4X  Magnification.  Unetched 
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Micrograph  of  Cross  Section  AA  (Fig.2A)  Showing  the 
Porous  Condition  at  100X  Magnification  - Kellers  Etch. 


EVALUATION  OF  GAS  POROSITY-ROUND  IN  OAST  ALUMINUM 


Figure  £B 


GAS  POROSITY - ROUND 


Actual  Size  Radiograph  - Material  Thlckneaa  3/6" 
Meeta  Std.  4 of  ASTM  K-155 


Mioro-Radiograph  of  a .025"  Thick  Specimen  Adjacent  to 
Croaa  Section >AA  Showing  a Single  Layer  View  of  the  Poroue 
Condition  at  10X  Magnification. 


EVALUATION  OP  OAS  POROSITY-ROUND  IN  CAST  ALUMINUM 


Figure  3A 
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Macrograph  of  Cross  Section  AA  (Fig.3A)  Showing  Std.4 
Porosity  at  4X  Magnification  - Unetched. 


m 


.-vi*  V 

ill  i 


■v  V 

'A'  ■■ 


Micrograph  of  Cross  Section  AA  (Flg„3A)  Showing  the 
Poroua  Condition  at  100X  Magnification  - Kellers  Etch. 


EVALUATION  OP  OAS  POROSITY-ROUND  IN  CAST  ALUMINUM 

Figure  3B 


GAS  POROSITY- ROUND 
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Actual  Size  Radiograph  - Material  Thickness  1/4 " 
Meets  Std.6  of  ASTM  E-155 


Micro-Radiograph  of  a .025”  Thick  Specimen  Adjacent  to 
Cross  Section  AA  Showing  a Single  Layer  View  of  the  Porous 
Condition  at  10X  Magnification. 


EVALUTION  OF  QAS  POROSITY- ROUND  IN  CAST  ALUMINUM 


Figure  4A 


GAS  POROSITY- ROUND 


Macrograph  of  Cross  Section  AA  (Pig.4A)  Showing 
Std.6  Porosity  at  4X  Magnification  - Unetched 


Micrograph  of  Cross  Section  AA  (Fig.4A)  Showing 
the  Porous  Condition  at  100X  Magnification-Kellers  Etch. 


EVALUATION  OP  GAS  POROSITY-ROUND  IN  CAST  ALUMINUM 


Figure  4B 


GAS  POROSITY  - ELONGATED 


Actual  Sin  Radiograph  - Material  Thickness  1/4  3/8" 

Meets  Std.  3 of  ASTM  8-155 


Micro -Radiograph  of  a .027"  Thick  Specimen  Adjacent 
to  Cross  Seotion  AA  Showing  a Single  Layer  View  of  the  Porous 
Condition  at  10X  Magnification. 


IVALOATXON  Of  GAS  POROSIW-ELONOATSD  IN  CAST  ALUMINUM 


figure  $A 


GAS  POROSITY  - ELONGATED 
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Macrograph  of  Cross 
Std.  3 Porosity  at  4X  Magnification-Unetched. 


Micrograph  of  Cross  Section  AA  (Pig.5A)  Showing  the 
Porous  Condition  at  100X  Magnifioation-Kellers  Etch. 
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Section  AA  (Pig.5A)  Showing 


EVALUATION  OP  QAS  POROSITY -ELONGATED  IN  CAST  ALUMINUM 


Figure  5B 


GAS  POROSITY  - ELONGATED 
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Actual  Size  Radiograph  - Material  ThickneBB  1/2 
Meets  Std.6  of  ASTM  E-155 
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Mioro-Radiograph  of  a .020  Thick  Specimen  Adjacent 
to  Cross  Section  AA  Showing  a Single  Layer  View  of  the 
Porous  Condition  at  10X  Magnification. 


EVALUATION  OF  GAS  POROSITY- ELONGATED  IN  CAST  ALUMINUM 


Figure  6A 


GAS  POROSITY -ELONGATED 
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Macrograph  of  Cross  Section  AA  (Fig.6A)  Showing 
Std.  6 Porosity  at  4X  Magnification-Unetched. 


VWm 


•♦***£«' 


:-S3 


**:■ 


.<  * ~/v* 


kIV?'  . 


■ -r  a 


7* 


• / «!•*» 


/r** 


w.r'T'-t 


Micrograph  of  Ctobs  Section  AA  (Fig.SA)  Showing  the 
Porous  Condition  at  100X  Magnlflcation-Kellers  Etch. 


EVALUATION  OF  OAS  POROSITY -ELONGATED  IN  CAST  ALUMINUM 


Figure  6B 


GRAIN  BOUNDARY  SHRINKAGE 


Actual  Size  Radiograph  - Material  Thlckneas  3/8" 

This  Condition  Is  not  Included  in  ASTM  E-155 . It 
Appears  Similar  to«  and  Compares  with  Std.4  of  Oas  Pqr- 
osity-Elongated. 


Micro-Radiograph  of  a .030"  Thick  Specimen  Adjacent 
to  Croia  Section  AA  Showing  a Single  Layer  View  of  the 
Shrinkage  Condition  at  10X  Magnification. 


EVALUATION  OF  ORAIN  BOUNDARY  SHRINKAGE  IK  HIGH 
STRENGTH  CAST  ALUMINUM. 


Figure  7A 


GRAIN  BOUNDARY  SHRINKAGE 


Maorograph  of  Crons  Seotion  AA  (Pig.7A).  No 
Evidence  of  the  Shrink  Condition  is  Visible  at  4X 
Magnification  - Unetched. 


Miorograph  of  Cross  Seotion  AA  (Plg.7A)  Showing  the 
Shrink  Condition  at  100X  Magnification  - Kellers  Etoh. 


EVALUATION  OP  GRAIN  BOUNDARY  SHRINKAGE  IN  HIGH 
STRENGTH  CAST  ALUMINUM. 


Pigure  7 B 


SHRINKAGE  - CAVITY 


Aotual  Sis#  Radiograph  - Material  Thioknoea  1/4" 
Meets  Std.3  of  ASTM  E-155 


[ Macrograph  of  Croat  Section  AA  Exposing  the  Flaw- 

* 4X  Magnification  - Unetched.  Small  Pores  are  Qas  Porosity. 


SHRINKAGE  - CAVITY 
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Actual  Si*e  Radiograph  - Natarial  Thickness  1/4" 
Meets  Std.7  of  ASTM  £-155 


Macrograph  of  Cross  Seotlon  AA  Exposing  the  Flaw-  kX 
Magnification  - Unetched.  Small  Pores  are  Qas  Porosity. 


EVALUATION  OF  CAVITY  TYPE  SHRINKAGE  IN  CAST  ALUMINUM 


Figure  9 


SHRINKAGE  - SPONGE 


Actual  Siste  Radiograph  - Material  Thickness  7/8" 
Meeta  Std.4  of  ASTM  E-155 


Micro-Radiograph  of  a ,023"  Thick  Specimen  Adjacent 
to  Cross  Seotion  AA  Showing  a Single  Layer  View  of  the 
Shrinkage  Condition  at  10X  Magnification. 


EVALUATION  OF  SPONGE  SHRINKAGE  IN  CAST  ALUMINUM 


Figure  10A 


SHRINKAGE -SPONGE 
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Macrograph  of  Cross  Section  AA  (Flg.lOA)  Showing 
Std.  4 Shrinkage  at  4X  Magnification  - Unetched. 
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Micrograph  of  Croat  Section  AA  (Flg.lOA)  Showing  the 
Shrinkage  Condition  at  100X  Magnification  - Kellers  Etch. 


EVALUATION  OF  SPONGE  SHRINKAGE  IN  CAST  ALUMINUM 


Figure  10B 


.\«c.  v | 


SHRINKAGE  - SPONGE 
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Actual  Size  Radiograph  - Material  Thickness  5/16 
Meets  Std.7  of  ASTM  E-155 
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Micro-Radiograph  of  a .025"  Thick  Specimen 
Adjacent  to  Cross  Seotion  AA  Showing  a Single 
Layer  View  of  the  Shrinkage  Condition  at  10X 

Magnification. 

EVALUATION  OF  SPONOE  SHRINKAGE  IN  CAST  ALUMINUM 

Figure  11 A 


SHRINKAGE  - SPONGE 


— w rv~- 


i ':*S* 


V ' 


'i&Z 


**'*■■■ 


w- 


Macrograph  of  Cross  Section  AA  (Plg.llA)  Showing 
Std.  7 Shrinkage  at  4X  Magnification  - Unetched. 
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Micrograph  of  Cross  Section  AA  (Plg.llA)  Showing  the 
Shrinkage  Condition  at  1C0X  Magnification  - Kellers  Etch 


EVALUATION  OF  SPONOX  SHRXNKAQ5  IN  CAST  ALUMINUM 


Figure  11B 


FOREIGN  MATERIAL  - LESS  DENSE 


Actual  Size  Radiograph  - Material  Thickness  5/16" 
Meets  Std.  7 of  ASTM  E-155" 


Macrograph  of  Cross  Section  AA  Exposing  the  Flaw 
4X  Magnification  - Unetched 


Macrograph  of  Cross  Section  BB  Exposing  the  Flaw 
4X  Magnification  - Unetched 


EVALUATION  OF  FOREIGN  MATERIAL  IN  CAST  ALUMINUM 


Figure  12 
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